Nigeria is the single largest producer of cassava in the world with the bulk of the cassava coming out from the Niger Delta region. Human, economic and agricultural activities are currently threatened in the region by vagaries in climatic factors. These vagaries affect the production and profitability of cassava. The study was therefore conducted to assess the effects of climate change on the production and profitability of cassava in the Niger Delta region of Nigeria. The study made use of a multi-stage sampling technique to select three hundred and sixty respondents across the three highest cassava-producing states (Awka Ibom, Cross Rivers and Ondo) in the region. Data for the study were collected with the aid of well-structured questionnaires assisted with interview schedules. Data collected were analysed using descriptive statistics and regression model. The determinants of cassava profitability were farm size, farmers' experience in cassava cultivation, farmers' experience in adopting climate change coping strategies, number of climate change coping strategies adopted, costs of input materials in Naira and labour cost in Naira.
Introduction
Nigeria is the world's largest producer of cassava with other top producers being Indonesia, Thailand, the Democratic republic of Congo and Angola. In the year 2010, Nigeria's production of cassava reached 37. 5 The Initiative had as its goal the promotion of cassava as a viable foreign exchange earner and also the development of the production system to sustain the national demand. The Presidential Initiative focused its intervention on the development of production, processing, and marketing of the processed products (Sanni et al., 2009 ).
Cassava production in the Niger Delta region of Nigeria
Cassava as a crop originated from South America and it is extensively propagated as an annual crop in the tropical and sub-tropical regions for its edible starchy tuber as root. It is an annual crop that may often be left longer than 12 months and usually planted as a sole crop or in combination with other crops. Production is all year round activity and it does well in a warm, moist climate. Cassava is very tolerant and has the ability to grow on marginal land where other food crops cannot grow well, but for its high yield and productivity moderate climatic condition and best soil properties like a light, sandy loamy soil of medium fertility and good aerations or drainage are all crucial (Akanbi, Olabode, 2004) . Hence, extreme weather conditions such as prolonged drought and excessive amount of rainfall that leads into flood may be detrimental to cassava outputs and critically affect its productivity.
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the most consumed and marketed of all cassava food products both within and outside the region. Gari is a partly gelatinised, roasted, free flowing granular flour with a slightly fermented flavor, creamy-white (or yellow, if from yellow-fleshed roots or fortified with red palm oil). Lafun is flour from fermented dried cassava that is later made into a stiff paste and eaten with sauce. Apu is a variant of lafun popularly consumed by people from Ondo State. A granular product made from partly gelatinised cassava starch, is also known as tapioca.
Key industrial cassava products in the Niger Delta region of Nigeria
High quality cassava flour (HQCF) is a major intermediate product. Development of HQCF is a key success in cassava processing, as it became the means to scale up industrial utilisation in the Niger Delta region and across Nigeria.
The flour is being used either alone or as a composite in bakery products. Before this, Nigeria used to import over one million tonne of wheat annually. In the 1990s, after the depreciation of the naira, the high cost of wheat almost sent bakers out of business, thus compelling them to look for an alternative. To face this challenge, IITA developed a simple and appropriate process for producing HQCF that is suitable for baking. This was tested in the baking and confectionary industries; it was found successful and the cost implications were favorable (Sanni et al., 2009 ).
Cassava starch is used as an ingredient in manufactured foods (infant foods, confectionary, glucose, alcohol) and in non-food industries (glues, oil well drilling, adhesives, paper sizing and bonding, textile sizing and strengthening).
It is also widely used as a thickening agent in soup and for laundry purposes. The traditional starch is used for clothes or consumed at a local level in the form of tapioca, often with special flavors (vanilla, banana). Some NGOs are encouraging this form of utilization as an income-generating activity as the product can be sold at weekly or seasonal village markets (Sanni et al., 2009 o C by the end of the century depending on future emissions. The resultant effects of this is that climate variability will impact food production in several ways (Ezekiel et al, 2012) .
Agriculture in the Niger Delta is largely raindependent as irrigation is seldom practiced. 
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remains key to the food economy of the people of the Niger Delta region. As majority of the people living in the Niger Delta are farmers, the environmental and social consequences of climate change is putting livelihoods at serious risks.
Although notable researches have been conducted in the region on climate change which include environmental degradation, vulnerability and mitigation of climate change impacts (Akinro et al., 2008) , coastal management and adaptation to climate change (Etuonovbe, 2008) , and Awareness of climate change and implications for achieving the MDGs in the Niger Delta region of Nigeria (Ajayi, 2014) . However, there is literature dearth on researches on the effects of climate change on the production and profitability of cassava in the Niger Delta region. This necessitated this research work.
This research therefore attempts to answer such questions as what effects does climate change has on the production and profitability of cassava in the study area? What are the coping strategies to climate change effects in the study area and what are the determinants of profitability of cassava production in the study area? The study of the effects of climate change on the production and profitability of cassava in the Niger Delta region of Nigeria was therefore conducted with the following objectives which include to:
i. Examine the effects of climate change on the production and profitability of cassava in the study area.
ii. Investigate the coping strategies to climate change effects on the production and profitability of cassava in the study area and iii. Examine the determinants of profitability of cassava production in the study area
Materials and methods
The study area
The area of this study is the Niger Delta region of Nigeria. The Niger Delta, as defined officially by the Nigerian government, covers about 70,000 km² of marshland, creeks, tributaries and lagoons that drain the Niger River into the Atlantic at the Bight of Biafra and makes up 7.5% of Nigeria's land mass consistingof the nine states of Abia, Akwa-Ibom, Bayelsa, Cross-River, Delta, Edo, Imo, Ondo and Rivers (Mba, Ogbuagu, 2013 , Ajayi, 2014 ). The region is reputed for having diverse vegetation belts: from the largest rain forests in Nigeria to mangrove swamps, savannahs, mountains and waterfalls with rare animals, including endangered species and unusual plant families, making it one of the World's richest biodiversity centres attracting scientists and tourists. The region had a population of 31.2 million people at 2006 census (Ajayi, 2014) with more than 40 ethnic groups including the Bini, Efik, Ibibio, Annang, Oron, Ijaw, Itsekiri, Isoko, Urhobo, Ukwuani, and Kalabari, are among the inhabitants in the Niger Delta, speaking about 250 different dialects, the bulk of which lives in rural fishing and farming communities (Ajayi, 2014) . Common crops popularly grown in the region include cassava, cocoyam, white yam, maize, garden egg, pepper, okra, melon, fruited pumpkin and oil palm (Mmom, 2009 ). Among these, oil palm and cassava remain the leaders in the food economy of the region while cassava is most diversely useful crop in the region serving as raw material to traditional and industrial food processors within and beyond the region.
Sampling technique, size and data collection
A multistage sampling technique was used for this study. In the first stage, three states of Akwa Ibom, Cross Rivers and Ondo were purposively selected from the nine (9) states that make up the Niger Delta region in Nigeria, being the highest cassavaproducing states in the Niger Delta. In the second stage, using the delineation by the three (3) states' Agricultural Development Programmes (ADPs), two (2) cassava-producing Local Government Areas (LGAs) were randomly selected from each state giving total of six (6) cassava-producing LGAs. In the third stage, from each of the selected LGAs, two blocks were randomly selected for study. This gave a total of twelve (12) blocks. Initially, residents from the selected blocks were invited to a community forum at which a preliminary identification of different categories of cassava farmers was carried out. At the community forum, fifteen (15) cassava famers made up of males, females and youths who constituted the focus group were purposively selected from the list of those identified and discussions were held with them. During the community forum, using Focus Group Discussion (FGD), and Key Informant Interviews [ 
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(KII) with the help of community leaders, a sampling frame of all cassava farmers was built up in each community. From this list, random samples of 30 cassava farmers were selected and interviewed using semi-structured interview schedules thus making a total sum of 360 cassava farmers from the study area.
Data collection
Rapid Rural Appraisal (RRA) (transect walks, identification and inspection of farm lands) was as data collection method. The RRA used had the advantage of encouraging the respondents to describe their relationship with their natural resources. The RRA also had the advantage of identifying of variables of importance to the cassava farmers and in the formulation of questions that were included in the more formal semi-structured interview schedule in locally meaningful terms. Two single gender Focus Group Discussions (FGDs), one for men and another for women were held with farmers in each state with number of participants ranging from 10-20. The resultant six FGDs were very helpful in eliciting clearer information from the respondents.
Data analysis
Descriptive statistics and regression model were used in the data analysis. The descriptive statistics used included means, percentages, frequencies and tables. The effects of climate change on cassava production in the study area was measured on three-point Likert-type scale of "high" (3), "moderate" (2) and "low". Climate change effects with mean scores of ≥ 2.5 were regarded "high", effects with mean responses from 1.5 to 2.49 were regarded "moderate" while those with mean less than 1.5 were regarded as "low". Also, the use of coping strategies for climate change in the study was measured on a three-point Likerttype scale of "always" (3), "rarely" (2) and "not at all". Coping strategies with mean scores of ≥ 2.5 were regarded "highly adopted", strategies with mean responses from 1.5 to 2.49 were regarded "adequately adopted" while those with mean less than 1.5 were regarded as "poorly adopted. Multiple regression analysis was used to isolate factors determining the profitability of cassava production as taken prosy by net farm income. The implicit form of the regression model is presented as: Where, Y = Net farm income (profitability in Naira) X 1 = age of cassava farmers X 2 = sex of cassava farmers X 3 = education of cassava farmers X 4 = farm size (in hectares) X 5 = fousehold size X 6 = farmers experience in cassava cultivation X 7 = farmers experience in adopting climate change coping strategies X 8 = number of climate change coping strategies adopted X 9 = cost of input materials (in Naira) X 10 = cost of labour (in Naira) X 11 = variety of cassava cultivated e = error term Three functional forms of the regression model were fitted to the data collected and the best fit was selected based on established criteria. The a priori expectation was that the coefficients of the independent variables should be greater than zero.
Results and discussion
Effects of climate change on cassava productivity in the study area
From the analysis of the respondents' perceived effects of climate change on cassava production in the study area as shown in Table 1 , it is now very evident that climate change has effects on the cassava productivity in the Niger Delta region of Nigeria. These effects are responsible for the dwindling cassava production figures in Nigeria. Should the effects be adequately checked with necessary coping strategies by cassava farmers and policy makers, the present productivity of cassava in the Niger Delta region will improve and by extension snowball Nigeria into greater heights in cassava production and marketing providing more food, employment opportunities and foreign exchange for the nation in the global market should more international markets be created for the crop.
Coping strategies to the effects of climate change on cassava production in the study area
From the analysis of the respondents' coping strategies to the effects of climate change on cassava production in the study area as shown in Table 2 , [ 
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Source: Computed from field survey, 2014 Coping strategies to the effects of climate change on cassava production -beginning.
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Source: Computed from field survey, 2014 use of organic manures; planting of trees; increase in number of weeding; protection of water sheds and mulching; preservation of cassava cuttings for planting; use of windbreaks/shelter belts were rated "high adopted " coping strategies while the reaming coping strategies were rated "averagely adopted". They include Early and late planting; soil and water conservation; use of inorganic fertilizer; planting pest and disease resistant cassava cuttings; use of cassava cuttings that are well acclimated; draining of wetland for cassava cultivation; making of contour bund around farmland; minimum tillage system (zero/ minimum); use of irrigation system/water storage; reforestation/ afforestation; Use of chemicals like herbicide, insecticide; Use of early maturing cassava varieties; use of weather-resistant cassava variety; reducing access to eroded/erosion prone area; mixed cropping practices; use of recommended planting distance; changing the timing of land preparation; changing harvesting dates and out migration from climate risk areas. Meanwhile, none of the coping strategies was poorly adopted by the respondents.
Regression results of determinants of cassava profitability in the study area Table 3 shows the results of the regression analysis to examine the determinants of cassava profitability in the study area. The double-log functional form provided the best fit as shown in the regression model. Six of the independent variables; X 4 , X 6 , X 7 , X 8 , X 9 and X 10 were significant at 5% level (i.e. 95% confidence interval). These variables were farm size, farmers' experience in cassava cultivation, farmers' experience in adopting climate change coping strategies, number of climate change coping strategies adopted, cost of input materials and cost of labour. The parameter estimates of each of these variables also carried signs, which conformed to a priori expectations. The results indicate that farm size, farmers' experience in cassava cultivation, farmers' experience in adopting climate change coping strategies, number of climate change coping strategies adopted positively influenced cassava net farm income (profitability) in the study area. Thus, the major determinants of cassava profitability were these four factors. All the explanatory variables together explained about 91% of the variations observed in cassava profitability. The positive effect of adoption of improved varieties of cassava on yield has been earlier observed by both (Dipeolu et al, 2004) and (Mafimisebi, 2005 
Conclusion
The results of analysis show that high effects of climate change include high susceptibility to pests and diseases; inadequate water supply/drought for nutrient circulation; discoloration of cassava leaves; discoloration of cassava roots; reduced cassava roots and stunted growth of cassava plants while runoff of soil nutrients due erosion; late maturing of cassava roots; high temperature destroying soil nutrients; reduced starch content of cassava roots and reduced water content of cassava roots were "moderate" effects; increased weed population and reduced dry matter of cassava roots were of "low" effects. It is also needful to say that all the coping strategies to climate change effects on cassava productivity in by the farmers were either highly or averagely adopted with none being poorly adopted. This emphasizes the farmers' awareness level and commitment to prevent cassava production which is their economic source of living from the effects of climate change. The study further revealed that the determinants of cassava profitability were farm size, farmers' experience in cassava cultivation, farmers' experience in adopting climate change coping strategies, number of climate change coping strategies adopted, cost of input materials and cost of labour.
The study therefore recommends that more coping
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strategies should be adopted while encouraging high adoption of the strategies which have not been highly adopted. These should be done in search of new innovations for reducing climate change effects on cassava production and profitability in the study area. Also, combination and experience in several coping strategies have been found to reduce effects of climate change on cassava production with improved net farm income to cassava production in the study area.
